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TAQ 7 troriision

TAO2 somison

TECHNOLOGIES

SYSTEMS
SoLip RockeT PropuLSION
SYSTEMS
o Propellants
o Case Materials
o Nozzle Systems
o Hybrid Rocket Propulsion

Systems
Fundamental Solid Propul-
sion Technologies

Liquip RockeT PropuL-
SION SYSTEMS

LH,/LOX Based
RP/LOX Based
CH,/LOX Based
Detonation Wave Engines
(Closed Cycle)
Propellants

Fundamental Liquid
Propulsion Technologies

AR BREATHING
PRoPULSION SYSTEMS

TBCC

RBCC

Detonation Wave Engines
(Open Cycle)

Turbine Based Jet Engines
(Flyback Boosters)
Ramjet/Scramjet Engines
(Accelerators)
Deeply-cooled Air Cycles
Air Collection &
Enrichment System
Fundamental Air Breathing
Propulsion Technologies

ANCILLARY PROPULSION
SYSTEMS

Auxiliary Control Systems
Main Propulsion Systems
(Excluding Engines)
Launch Abort Systems
Thrust Vector Control
Systems

Health Management &
Sensors

Pyro & Separation Systems
Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER
PROPULSION SYSTEMS

Ground Launch Assist

Air Launch / Drop Systems
Space Tether Assist
Beamed Energy / Energy
Addition

Nuclear

High Energy Density
Materials/Propellants

MASTER—12/20/12

CHEMICAL PROPULSION

Liquid Storable
Liquid Cryogenic
Gels

Solid

Hybrid

Cold Gas/Warm Gas

Micro-propulsion

NoN-CHEMICAL PRoPULSION

Electric Propulsion
Solar Sail Propulsion
Thermal Propulsion
Tether Propulsion

Abvancep (TRL <3)
ProPULSION TECHNOLOGIES

Beamed Energy Propulsion
Electric Sail Propulsion
Fusion Propulsion

High Energy Density
Materials

Antimatter Propulsion
Advanced Fission
Breakthrough Propulsion

SUPPORTING TECHNOLOGIES

Propellant Storage &
Transfer

TAO3

ENERGY STORAGE

« SPACE
POWER &

Power GENERATION

Energy Harvesting
Chemical (Fuel Cells, Heat
Engines)

Solar (Photo-Voltaic &
Thermal)

Radioisotope

Fission

Fusion

ENERGY STORAGE

Batteries
Flywheels
Regenerative Fuel Cells

Power MANAGEMENT &

DISTRIBUTION

¢ FDIR

e Management & Control

o Distribution & Transmission
o  Wireless Power

Transmission
Conversion & Regulation

Cross CUTTING

TECHNOLOGY

e Analytical Tools

o Green Energy Impact

o Multi-functional Structures
o Alternative Fuels

TAO4 + ROBOTICS,
TELE-

ROBOTICS&AUTONOMOUS|
SYSTEMS

SENSING & PERCEPTION

o 3-D Perception

e Relative Position & Velocity
Estimation

o Terrain Mapping,
Classification
& Characterization

o Natural & Man-made
Object Recognition

e Sensor Fusion for Sampling

& Manipulation

e Onboard Science Data
Analysis

MosiLiTy

e Extreme Terrain Mobility

o Below-Surface Mobility

e Above-Surface Mobility

¢ Small Body/Microgravity
Mobility

MANIPULATION

e Robot Arms

e Dexterous Manipulators

¢ Modeling of Contact
Dynamics

¢ Mobile Manipulation

e Collaborative Manipulation

¢ Robotic Drilling & Sample
Processing

HuMAN-SYSTEMS

INTEGRATION

e Multi-Modal Human-
Systems Interaction

e Supervisory Control

e Robot-to-Suit Interfaces

o Intent Recognition &
Reaction

o Distributed Collaboration

o Common Human-Systems
Interfaces

o Safety, Trust, &
Interfacing of Robotic/
Human Proximity
Operations

AuTONOMY

e Vehicle Systems
Management & FDIR

e Dynamic Planning &
Sequencing Tools

o Autonomous Guidance &

Control

Multi-Agent Coordination

Adjustable Autonomy

Terrain Relative Navigation

Path & Motion Planning

with Uncertainty

AuTonomous RENDEzvous

& DocKING

¢ Relative Navigation Sensors
(long-, mid-, near-range)

o Guidance Algorithms

e Docking & Capture
Mechanisms/Interfaces

o Mission/System Managers
for Autonomy/Automation

RTA SysTEMS ENGINEERING

e Modularity/Commonality
Verification & Validation of
Complex Adaptive Systems

¢ Onboard Computing

TAOS + COMMUNICATION
& NAVIGATION

OpticaL Comm. & NAVIGATION

e Detector Development

o Large Apertures

o Lasers

e Acquisition & Tracking

e Atmospheric Mitigation

RapIo FREQUENCY COMMUNICATIONS

e Spectrum Efficient Technologies

o Power Efficient Technologies

o Propagation

o Flight & Ground Systems

e Earth Launch & Reentry Comm.

e Antennas

INTERNETWORKING

Disruptive Tolerant Networking

Adaptive Network Topology

Information Assurance

Integrated Network Management

Posimion, NAVIGATION, AND TIMING

o Timekeeping & Time Distribution

e Onboard Auto Navigation &

Maneuver

Sensors & Vision Processing Systems

Relative & Proximity Navigation

Auto Precision Formation Flying

Auto Approach & Landing

NTEGRATED TECHNOLOGIES

Radio Systems

Ultra Wideband

Cognitive Networks

Science from the Comm. System

Hybrid Optical Comm. &

Navigation Sensors

e RF/Optical Hybrid Technology

RevoLuTioNARY CONCEPTS

o X-Ray Navigation

X-Ray Communications

Neutrino-Based Nav. & Tracking

Quantum Key Distribution
uantum Communications

SQIF Microwave Amplifier

Reconfigurable Large Apertures

Using Nanosat Constellations

TAQG ez suprorra

HABITATION SYSTEMS

EnviRoONMENTAL CONTROL

& LiFe SuPPORT SYSTEMS &

HABITATION SYSTEMS

o Air Revitalization

o Water Recovery & Management

o Waste Management

o Habitation

EXTRAVEHICULAR ACTIVITY SYSTEMS

o Pressure Garment

o Dortable Life Support System

o Power, Avionics & Software

Human HEALTH & PERFORMANCE

e Medical Diagnosis / Prognosis

e Long-Duration Health

o Behavioral Health

e Human Factors

ENVIRONMENTAL MONITORING,

SAFETY & EMERGENCY RESPONSE

o Sensors: Air, Water, Microbial, etc.

o Fire: Detection, Suppression, Recovery

e Protective Clothing / Breathing

o Remediation

RADIATION

e Risk Assessment Modeling
Radiation Mitigation

e Protection Systems

e Radiation prediction

e Monitoring Technology

TAQ9 besceirs

LANDING SYSTEMS

AEROASSIST &

ATMOSPHERIC ENTRY

¢ Rigid Thermal Protection Systems

o Flexible Thermal Protection
Systems

o Rigid Hypersonic Decelerators

o Deployable Hypersonic
Decelerators

DEescent

o Attached Derloyable Decelerators
o Trailing Deployable Decelerators

TAQ7 seionamon

DESTINATION SYSTEMS

o Supersonic Retropropulsion
LANDING

o Touchdown Systems

IN-SiTu RESOURCE UTILIZATION

e Destination Reconnaissance,
Prospecting, & Mapping

e Resource Acquisition

e Consumables Production

e Manufacturing Products
& Infrastructure Emplacement

SUSTAINABILITY &

SUPPORTABILITY
e Autonomous Logistics
Management

e Maintenance Systems

o Repair Systems

o Food Production, Processing,
& Preservation

“ADVANCED” HUMAN MOBILITY

SYSTEMS

o EVA Mobility

o Surface Mobility

o Off-Surface Mobility

“ADVANCED" HABITAT SYSTEMS

o Integrated Habitat Systems

e Habitat Evolution

o “Smart” Habitats

o Artificial Gravity

Mission OPERATIONS & SAFETY

o Crew Training

o Planetary Safety

o Integrated Flight Operations
Systems

o Integrated Risk Assessment Tools

CRoss-CUTTING SYSTEMS

o Construction & Assembly

o Particulate Contamination
Prevention & Mitigation

o Egress & Deployment Systems

o Propulsion Systems

o Small Body Systems

VEHICLE SYSTEMS TECHNOLOGY

o Separation Systems

o System Integration and Analyses

o Atmosphere & surface
characterization

¢ Modeling and Simulation

o Instrumentation and Health
Monitoring

e GN&C Sensors and Systems

TA1 1 + MODELING,
SIMULATION,
INFORMATION TECHNOLOGY

& PROCESSING

COMPUTING
o Flight Computing
¢ Ground Computing
MoDELING
o Software Modeling & Model-Checking
o Integrated Hardware & Software
Modeling
Human-System Performance Modeling
Science Modeling
o Frameworks, Languages, Tools &
Standards
SIMULATION
o Distributed Simulation
o Integrated System Lifecycle Simulation
o Simulation-Based Systems Engineering
o Simulation-Based Training &
Decision Support Systems
INFORMATION PROCESSING
o Science, Engineering & Mission Data
Lifecycle
Intelligent Data Understanding
Semantic Technologies
Collaborative Science & Engineering
Advanced Mission Systems

TA10xeNoLoay

ENGINEERED MATERIALS &
STRUCTURES

o Lightweight Structures

o Damage Tolerant Systems

o Coartings

o Adhesives

o Thermal Protection & Control
ENERGY GENERATION & STORAGE
o Energy Storage
o Energy Generation
PropuLsION

o DPropellants

o Propulsion Components
o In-Space Propulsion
SENSORS, ELECTRONICS &
Devices

e Sensors & Actuators
e Nanoelectronics
e Miniature Instruments

TA08 « SCIENCE
INSTRUMENTS,
OBSERVATORIES & SENSOR
SYSTEMS

REMOTE SENSING

INSTRUMENTS/SENSORS

o Detectors & Focal Planes
e Electronics

o Optical Components

e Microwave / Radio

e Lasers

o Cryogenic / Thermal
OBSERVATORIES

o Mirror Systems

e Structures & Antennas

o Distributed Aperture

IN-SITU INSTRUMENTS/SENSOR

o Particles: Charged & Neutral
o Fields & Waves

e In-Situ

TA'I 2 + MATERIALS,
STRUCTURES,

MECHANICAL SYSTEMS &

MANUFACTURING

MATERIALS

o Lightweight Structure

o Computational Design

o Flexible Material Systems

e Environment

o Special Materials

STRUCTURES

o Lightweight Concepts

o Design & Certification Methods

o Reliability & Sustainment

o Test Tools & Methods

o Innovative, Multifunctional Concepts

MECHANICAL SYSTEMS
Deployables, Docking and Interfaces

o Mechanism Life Extension Systems

o Electro-mechanical, Mechanical &
Micromechanisms

o Design & Analysis Tools and Methods

o Reliability / Life Assessment / Health
Monitoring

o Certification Methods

MANUFACTURING

e Manufacturing Processes

o Intelligent Integrated Manufacturing
and Cyber Physical Systems

o Electronics & Optics Manufacturing
Process

e Sustainable Manufacturing

CRoss-CUTTING

o Nondestructive Evaluation

o Model-Based Certification &
Sustainment Methods

e Loads and Environments

TA13 Ginen

SYSTEMS PROCESSING

TecHNOLOGIES TO OPTIMIZE

THE OPERATIONAL LiFe-CycLE

e Storage, Distribution &
Conservation of Fluids

e Automated Alignment,
Coupling, & Assembly Systems

o Autonomous Command &
Control for Ground and
Integrated Vehicle / Ground
Systems

ENVIRONMENTAL AND GREEN

TECHNOLOGIES

e Corrosion Prevention,
Detection, & Mitigation

o Environmental Remediation &
Site Restoration

o Preservation of Natural Eco-
systems

o Alternate Energy Prototypes

TECHNOLOGIES TO INCREASE

RELIABILITY AND MissiON

AVAILABILITY

¢ Advanced Launch Technologies

e Environment-Hardened
Materials and Structures

o Inspection, Anomaly Detection
& Identification

o Fault Isolation and Diagnostics

¢ Prognostics Technologies

e Repair, Mitigation, and
Recovery Technologies

¢ Communications, Networking,
Timing & Telemetry

TECHNOLOGIES TO IMPROVE

MissioN SAFeTY/Mission Risk

o Range Tracking, Surveillance &
Flight Safety Technologies

¢ Landing & Recovery Systems
& Components

e  Weather Prediction and
Mitigation

o Robotics / Telerobotics

o Safety Systems

TA14 Jiacement

SYSTEMS

CRYOGENIC SYSTEMS

o Passive Thermal Control

o Active Thermal Control

¢ Integration & Modeling

THERMAL CONTROL SYSTEMS

o Heat Acquisition

o  Heat Transfer

o Heat Rejection & Energy
Storage

THERMAL PROTECTION SYSTEMS

o Entry/ Ascent TPS

¢ Plume Shielding (Convective
& Radiative)

o Sensor Systems & Measurement

Technologies

National Aeronautics and
Space Administration

TA15 ™7

TA16 oesris ao

HYPERVELOCITY IMPACT

ORrBITAL DEBRIS

e Modeling

e Monitoring

o Mitigation

e Remediation
HYPERVELOCITY IMPACT

e Material Composition

e Experimental Investigations

TAT7=moiocrs
To Be DETERMINED

The effort to develop the STRs
began in 2010 when NASA identified
fourteen technology areas and then
assigned agency specialists to describe
their technology area’s top technical
challenges, the spaceflight missions
they could impact or enable, and — as a
byproduct — the important terrestrial
fields they could advance. The set of
draft STRs, which cover both human
and robotic technologies, was distrib-
uted publicly in December 2010. At
the same time, NASA contracted with
the National Research Council (NRC)
to perform an independent critique
of the draft roadmaps. Through the
NRC’s participation, public comment
was received, and independent expert
panels subsequently reviewed the com-
ments, established evaluation criteria,
identified gaps, and prioritized the
technologies within each technology
area. An overall steering committee of
the NRC then furtheprioritized across
the technology areas, and released their
final report early in 2012.

For any additional information:
NASA Space Technology Roadmaps

Space Technology Roadmaps (STRs)

TECHNOLOGYAREABREAKDOWNSTRUCTURE
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http://www.nasa.gov/pdf/500393main_TA01-ID_rev6-NRC-wTASR.pdf
http://www.nasa.gov/pdf/501329main_TA02-ID_rev3-NRC-wTASR.pdf
http://www.nasa.gov/pdf/501328main_TA03-ID_rev7_NRC_wTASR.pdf
http://www.nasa.gov/pdf/501622main_TA04-ID_rev6b_NRC_wTASR.pdf
http://www.nasa.gov/pdf/501623main_TA05-ID_rev6_NRC_wTASR.pdf
http://www.nasa.gov/pdf/500436main_TA06-ID_rev6a_NRC_wTASR.pdf
http://www.nasa.gov/pdf/501327main_TA07-ID_rev7_NRC-wTASR.pdf
http://www.nasa.gov/pdf/501624main_TA08-ID_rev5_NRC_wTASR.pdf
http://www.nasa.gov/pdf/501326main_TA09-ID_rev5_NRC_wTASR.pdf
http://www.nasa.gov/pdf/501325main_TA10-ID_rev8_NRC-wTASR.pdf
http://www.nasa.gov/pdf/501321main_TA11-ID_rev4_NRC-wTASR.pdf
http://www.nasa.gov/pdf/501625main_TA12-ID_rev6_NRC-wTASR.pdf
http://www.nasa.gov/pdf/501626main_TA13-ID_rev4_NRC-wTASR.pdf
http://www.nasa.gov/pdf/501320main_TA14-ID_rev6a-NRC-wTASR.pdf
http://www.orbitaldebris.jsc.nasa.gov/
http://www.nasa.gov/offices/oct/home/roadmaps/index.html

HUMAN SPACE FLIGHT
TECHNOLOGY NEEDS

OFFICIAL NASA ROADMAPS

National Aeronautics and
Space Administration

JSC SUPPLEMENTAL DATA

TAO4-ROBOT|CS, TAOS + COMMUNICATION TA09- ENTRY, TA‘] ‘I « MODELING, TA‘I 3 +« GROUND & TA1 5 « RESERVED
TELE- & NAVIGATION DESCENT & SIMULATION, LAUNCH
ROBOTICS&AUTONOMOUS LANDING SYSTEMS INFORMATION TECHNOLOGY SYSTEMS PROCESSING
SYSTEMS OpricaL Comm. & NAVIGATION & PROCESSING ~ORBITAL
o Detector Development AEROASSIST & TECHNOLOGIES TO OPTIMIZE TA 1 6 DEBRIS
SENSING & PERCEPTION o Large Apertures ATMOSPHERIC ENTRY COMPUTING THE OPERATIONAL LiFe-CycLE AND HYPERVELOCITY
«  3.D Perception . Laser§ B ki o Rigid Thermal Protection Systems o  Flight Computing e Storage, Distribution &
e Relative Position & Velocity ~ © Acquisition & Tracking o Flexible Thermal Protection ¢ Ground Computing Conservation of Fluids
Estimation e Atmospheric Mitigation Systems MODELING e Automated Alignment, ORBITAL DEBRIS
o Terrain Mapping, RaDIO FREQUENCY COMMUNICATIONS ¢ Rigid Hypersonic Decelerators o Software Modeling & Model-Checking Coupling, & Assembly Systems ¢ Modeling
Classification ° Spcc[rum Efficient chhnologies . Deployable Hypersonic . Integrated Hardware & Software e Autonomous Command & O Monitoring
& Characterization o Power Efficient Technologies Decelerators Modeling Control for Ground and o Mitigation
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. LAUNCH « IN-SPACE & Manipulation e Antennas « HUMAN o Supersonic Retropropulsion Standards TECHNOLOGIES e Experimental Investigations
PROPULSION PROPULSION| * 22503:1 BRI INTERNETWORKINGI L EXPLORATION LANDING SIMULATION o Corrosion Prevention,
i o Disruptive Tolerant Networkin istH i ; Detection, & Mitigation
SYSTEMS TECHNOLOGIES P & DESTINATION SYSTEMS » Touchdown Systems e Distributed Simulation : 2 gation « EMERGING
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SYSTEMS o Liquid Storable e Above-Surface Mobility PosiTion, NAVIGATION, AND TIMING ¢ Destination Reconnaissance, VEHICLE SYSTEMS TECHNOLOGY Decision Support Systems systems To 8e DETERMINED
e Propellants o Liquid Cryogenic ¢ Small Body/Microgravity i eaatinm G 1lhite | DisEribut Prospecting, & Mapping . o Alternate Energy Prototypes .
o Case Materials o Gels Mobilit (gl | TEEEenig EL Lmne IRTIDHEOR e Resource Acquisition o Separation Systems INFORMATION PROCESSING T |
o Nozzle Systems e Solid M ¥ ¢ Onboard Auto Navigation & o Consumables Production o System Integration and Analyses o Science, Engineering & Mission Data ECHNOLOGIES TO INCREASE
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o Fundamental Solid Propul-  » Micro-propulsion *  Dexterous Manipulators ° ie atl;c c I_’roxllzmlty I\_Iavl%:;itl_on SUSTAINABILITY & e Modeling and Simulation o Semantic Technologies ¢ Advanced Launch Technologies
ion Technologi Non-C P e Modeling of Contact . uto Frecision Formation rlying e Instrumentation and Health o Collaborative Science & Engineering o Environment-Hardened
sto “ecino ogles oN HEM|CAL RO.PULS|ON Dynamics e Auto Approach & Landing SUPPORTABILITY . Monitoring o Advanced Mission Systems Materials and Structures As the National Aeronautics and Space
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N T ! g+ TPl i pECNCALSTINS S | © gt | dotors ek g den
. ctonation Wave Engines ROPULSION TECHNOLOGIES INTEGRATION e Hybrid Optical Comm. & MANUFACTURING Recovery Technologies
(Closed Cycle) ¢ Beamed Energy Propulsi ; Navigation S “AbvANCED” HuMAN MoBiLITY ENGINEERED MATERIALS & C ications, N ki Earth asteroids, Mars, and extended
¢y Propulsion Multi-Modal H ) avigation Sensors ¢ Communications, Networking, > s
* Pro%ellantsal ouid e Electric Sail Propulsion * Sylsltelms fnt?:ractuironr? " o RF/Optical Hybrid Technology SYSTEMS STRU;TURES‘ MATERIALS Timing & Telemetry stays on the Moon. As part of the
I;)I;n airl'er;tTL}lglull i o Fusion Propulsion ) ¢ Supervisory Control RevoLuTioNARY CONCEPTS ¢ EVA Mobilitx . thtwel%_hf Struc;ures o Lightweight Serucure TECHNOLOGIES TO IMPROVE NASA Human Spaceflight Architecture
opulsion lechnologies *  High Energy Density e Robot-to-Suit Interfaces « X-Ray Navigation o Surface Mobility . Cam?ge olerant Systems o Computational Design Mission SAFETY/Mission Risk Team, a Technology Development As-
AR BREATHING 11\\/Iat'erlals Pronulsi « Intent Recognition & + X-Ray Communications . Off—Surface Mobilicy : A3;23§Zs o Flexible Material Systems o Range Tracking, Surveillance & sessment Team has identified a suite of
PROPULSION SYSTEMS . Agtlmatij Propulsion Reaction . e Neutrino-Based Nav. & Tracking 'ADVANCED” HABITAT SYSTEMS + Thermal Protection & Control e Environment Flight Safety Technologies critical technologies needed to support
« TBCC * B v:;{n;c 1;1511;)n Isi o Distributed Collaboration o Quantum Key Distribution o Integrated Habitat Systems o Special Materials ¢ Landing & Recovery Systems this broad range of missions. Dialog
. %BCC W ; reakd r_ltzug ropuision o fomznon Human-Systems ¢ Quantum Communications o Habitat Evolution ENE}REGY GE’;ERAT'ON & SToracE STRUCTURES & Components between mission planners, vehicle
e Detonation Wave Engines UPPORTING | ECHNOLOGIES nterfaces o SQIF Microwave Amplifier o  “Smart” Habitats ¢ Lnergyotorage Lightweight C ¢ o Weather Prediction and K
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. "(Fll:llrbgnckBl;lscd]et ;Engmcs Transfer }f;tcrfaclf)lg of Robotic/ Using Nanosat Constellations Mission OPERATIONS & SAFETY PropuLsION o Reliability & Sustainment ¢ Robotics / Teleroborics of technologies, noting that needs are
lyback Boosters uman Proximity L Safety Syst >
o Ramjet/Scramjet Engines - SPACE T « HUMAN HEALTH, | * Crew Training . Propellgnts o Test Tot?ls & Mthods . o Safety Systems it by st il e
(Accel, ) TAO3 o PDlanctary Safety o Propulsion Components o Innovative, Multifunctional Concepts ] ific desi
v Air Collection & ENERGY STORAGE +  Vehicle Systems HABITATION SYSTEMS Systems SENSORs, ELECTRONICS & Deployables, Docking and Incerfaces MANAGEMENT] | & ration was given 10 the re-use of
) Management & FDIR o Integrated Risk Assessment Tools  Devices o i i i consideration was given to the re-use o
Enrichment System D ¢ Plannine & g Mechanism Life Extension Systems SYSTEMS derlvi h . 1
e Fundamental Air Breathing Power GENERATION ¢ S ynamic :ar_mlln g EnviRONMENTAL CONTROL CRross-CUTTING SYSTEMS o Sensors & Actuators o Electro-mechanical, Mechanical & underlying technologies to cover mui-
Propulsion Technologics e Energy Harvesting Aequencmg (é) §d - & LIFE SUPPORT SYSTEMS & ¢ Construction & Assembly ¢ Nanoelectronics Micromechanisms CRYOGENIC SYSTEMS tiple missions to eﬂecnve!x use scarce
ANCILLARY PROPULSION o Chemical (Fuel Cells, Heat * C‘::s;gﬁous uicance HABITATION SYSTEMS o Particulate Contamination e Miniature Instruments o Design & Analysis Tools and Methods Passive Thermal Control resources. This suite of critical technolo-
. : o : TS : o Passive Thermal Contro g :
SySTEMS gnlgmcps%‘ Volkai iy s Clasnrentars . %&r Re\Ir{ltallzatlon M Prevention & Mitigation . l;;hal_)lht_y / Life Assessment / Health © Active Thermal Control %165 is epre'T'ted to pro[:llde the' needgd
Auxiliary Control Syst ¢ Solar (Photo-Volraic & e Adjustable Autonom o Water Recovery & Management onitoring v Inceoration & Modelin ase capability to enable a variety o
o SUary LOntro Systems Thermal) 5 : Y o Waste Management e Certification Methods gl g ible destinati dl mfes
e Main Propulsion Systems « Radioisotope o Terrain Relative Navigation Habjtation 8 T A « SCIENCE MANUFACTURING THERMAL CONTROL SYSTEMS possible destinations and missions.
Excluding Enei N Path & Motion Plannin INSTRUMENTS, L
R &ﬁfb th,or?%lziis o Fission * i Ulegaafing § EXTRAVEHICULAR ACTIVITY SYSTEMS o Manufacturing Processes s Heat Acquisition For the list of human spaceflicht tech-
Y o Fusion Y OBSERVATORIES & SENSOR 1 d £ : o Heat Transfer an spacetiig
e Thrust Vector Control E S AuTONOMOUS RENDEZVOUS o Pressure Garment SYSTEMS o [Intelligent Integrated Manufacturing  * o Rejection & Energy nology needs associated with the STR
Systems NERGY STORAGE & DOCKING o Porrable Life Support System and Cyber Physical Systems i S Technology Area Breakdown Structure.
«  Health Management & o Batteries \ o o DPower, Avionics & Software o Electronics & Optics Manufacturing 8 HAT- TABS C 1k
Sensors o Flywheels ° laelmve Nj“gamn Senjors HumaN HEALTH & PERFORMANCE REMOTE SENSING Process THERMAL PROTECTION SYSTEMS - rosswa
. . ong-, mid-, near-range ] ] - ) inabl : - )
e Pyro & Scparation Systems ~ * Regenerative Fuel Cells « Guidsnce Algorithms ¢ Medical Diagnosis / Prognosis INSTRUMENTS/SENSORS e Sustainable Manufacturing : glnutge/slﬁisgf;i; T(PéOnvective For additional details, background, and
+ Fundamental Ancillary Power MANAGEMENT & o Docking & Capture o Long-Duration Health o Detectors & Focal Planes Cross-CUTTING Shi g desi f P for th
! y 1 . . . & Radiative) esign reference mission context for the
Propulsion Technologies DISTRIBUTION Mechanisms,/ Thterfaces o Behavioral Health o Electronics o Nondestructive Evaluation h fich hnol d
UNCONVENTIONAL / OTHER o FDIR Mission/S M o Human Factors e Optical Components e  Model-Based Certification & e Sensor Systems & Measurement uman space flight technology needs
. ission/System Managers e Microwave / Radio Sustai Method Technologies see: Critical Technology Determination
PROPULSION SYSTEMS +  Management & Control for Autonomy/Automarion  ENVIRONMENTAL IMONITORING, U e “Stjmm;m wcchods for Future Human Space Flight
o Ground Launch Assist » Disuribution & Transmission RTA Systems ENGINEERING SAFETY & EMERGENCY RESPONSE + Cryogenic / Thermal o Loads and Environments P &
e AirLaunch / Drgp Systems ~ ® YITCICS? Rowcr o Modularity/Commonality o Sensors: Air, Water, Microbial, etc. OBSERVATORIES
. %pacc EC;Eher ASS/IS]; C?:\f:;iscsylr(:gc Regulation Verification & Validation of e  Fire: Detection, Suppression, Recovery Mirror Systems
e Beamed Energy / Energy ° Complex Adaptive Systems o  Protective Clothing / Breathing ®
Addition Cross CUTTING e Onboard Computi e Remediation e Structures & Antennas
puting o
;S St ace Technology Roadmaps s
High Energy Density o Analytical Tools Risk A Modeli IN-SITU INSTRUMENTS/SENSOR
Materials/Propellants e Green Energy Imi ¢ S Assessment 4 rodeling o Particles: Charged & Neutral
gy Impact Radiation Mitigation : 8¢ cutra
e Multi-functional Structures . Ditreaons o Fields & Waves
, ystems !
b it e [ECHNOLOGYAREABREAKDOWNSTRUCTURE
prediction

¢ Monitoring Technology

REVISED—12/20/12  * Can include Human Architecture Team, Human Research Program, International Space Station, Multi-Purpose Crew Vehicle, Science Mis-

sion Directorate, etc. technology needs in support of future NASA missions.
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JAOS™ - =

SYSTEMS

TAQ 7 troriision

TAO2 somison

TECHNOLOGIES

SoLip RockeT PropuLSION

SYSTEMS

o Propellants

o Case Materials

o Nozzle Systems

o Hybrid Rocket Propulsion
Systems

o Fundamental Solid Propul-

sion Technologies

Liquio Rocket PropuL-

SION SYSTEMS

e LH /LOX Based

¢ RP/LOX Based

o CH,/LOX Based

e Detonation Wave Engines
(Closed Cycle)

o Propellants
Fundamental Liquid
Propulsion Technologies

AR BREATHING

PRrROPULSION SYSTEMS

e TBCC

e RBCC

o Detonation Wave Engines
(Open Cycle)

o Turbine Based Jet Engines
(Flyback Boosters)

o Ramjet/Scramjet Engines
(Accelerators)

o Deeply-cooled Air Cycles
o Air Collection &
Enrichment System

o Fundamental Air Breathing

Propulsion Technologies
ANCILLARY PROPULSION
SYSTEMS
o Auxiliary Control Systems
e Main Propulsion Systems

(Excluding Engines)

o Launch Abort Systems
o Thrust Vector Control

Systems
o Health Management &

Sensors

e Pyro & Separation Systems

o Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER

PRropPULSION SYSTEMS

e Ground Launch Assist

Air Launch / Drop Systems

L]

o Space Tether Assist

o Beamed Energy / Energy
Addition

o Nuclear
High Energy Density
Materials/Propellants

REVISED—12/20/12

CHEMICAL PROPULSION

Liquid Storable
Liquid Cryogenic
Gels

Solid

Hybrid

Cold Gas/Warm Gas

Micro-propulsion

NoN-CHEMICAL PRoPULSION

Electric Propulsion
Solar Sail Propulsion
Thermal Propulsion
Tether Propulsion

Abvancep (TRL <3)
ProPULSION TECHNOLOGIES

Beamed Energy Propulsion
Electric Sail Propulsion
Fusion Propulsion

High Energy Density
Materials

Antimatter Propulsion
Advanced Fission
Breakthrough Propulsion

SUPPORTING TECHNOLOGIES

Propellant Storage &
Transfer

TAO3

ENERGY STORAGE

« SPACE
POWER &

Power GENERATION

Energy Harvesting
Chemical (Fuel Cells, Heat
Engines)

Solar (Photo-Voltaic &
Thermal)

Radioisotope

Fission

Fusion

ENERGY STORAGE

Batteries
Flywheels
Regenerative Fuel Cells

Power MANAGEMENT &

DISTRIBUTION

o« FDIR

e Management & Control

o Distribution & Transmission
o Wireless Power

Transmission
Conversion & Regulation

Cross CUTTING

TECHNOLOGY

e Analytical Tools

o Green Energy Impact

o Multi-functional Structures
o Alternative Fuels

TAO4 + ROBOTICS,
TELE-

ROBOTICS&AUTONOMOUS|

SYSTEMS

SENSING & PERCEPTION

o 3-D Perception

o Relative Position & Velocity
Estimation

o Terrain Mapping,
Classification
& Characterization

o Natural & Man-made
Object Recognition

¢ Sensor Fusion for Sampling

& Manipulation

e Onboard Science Data
Analysis

MosiLiTy

o Extreme Terrain Mobility

o Below-Surface Mobility

e Above-Surface Mobility

¢ Small Body/Microgravity
Mobility

MANIPULATION

e Robot Arms

¢ Dexterous Manipulators

¢ Modeling of Contact
Dynamics

e Mobile Manipulation

¢ Collaborative Manipulation

¢ Robotic Drilling & Sample
Processing

HuMAN-SYSTEMS

INTEGRATION

e Multi-Modal Human-
Systems Interaction

¢ Supervisory Control

e Robot-to-Suit Interfaces

o Intent Recognition &
Reaction

o Distributed Collaboration

o Common Human-Systems
Interfaces

o Safety, Trust, &
Interfacing of Robotic/
Human Proximity
Operations

AuTONOMY

o Vehicle Systems
Management & FDIR

e Dynamic Planning &
Sequencing Tools

o Autonomous Guidance &

Control

Multi-Agent Coordination

Adjustable Autonomy

Terrain Relative Navigation

Path & Motion Planning

with Uncertainty

AuTonomous RENDEzvous

& DocKING

¢ Relative Navigation Sensors
(long-, mid-, near-range)

e Guidance Algorithms

e Docking & Capture
Mechanisms/Interfaces

o Mission/System Managers
for Autonomy/Automation

RTA SysTEMS ENGINEERING

¢ Modularity/Commonality
Verification & Validation of
Complex Adaptive Systems

¢ Onboard Computing

TAOS + COMMUNICATION
& NAVIGATION
OpticaL Comm. & NAVIGATION

Detector Dcvclopmcnt

Large Apertures

L]
L[]
o Lasers
L]
L[]

Acquisition & Tracking
Atmospheric Mitigation
RapIo FREQUENCY COMMUNICATIONS
e Spectrum Efficient Technologies
o Power Efficient Technologies
o Propagation
o Flight & Ground Systems
e Earth Launch & Reentry Comm.
e Antennas
INTERNETWORKING
Disruptive Tolerant Networking
Adaptive Network Topology
Information Assurance
Integrated Network Management
Position, NAvIGATION, AND TIMING
o Timekeeping & Time Distribution
e Onboard Auto Navigation &
Maneuver
Sensors & Vision Processing Systems
Relative & Proximity Navigation
Auto Precision Formation Flying
Auto Approach & Landing
NTEGRATED TECHNOLOGIES
Radio Systems
Ultra Wideband
Cognitive Networks
Science from the Comm. System
Hybrid Optical Comm. &
Navigation Sensors
e RF/Optical Hybrid Technology
RevoLuTioNARY CONCEPTS
o X-Ray Navigation
X-Ray Communications
Neutrino-Based Nav. & Tracking
Quantum Key Distribution
uantum Communications
SQIF Microwave Amplifier
Reconfigurable Large Apertures
Using Nanosat Constellations

TAQG ez suprorra

HABITATION SYSTEMS

EnviRoONMENTAL CONTROL

& LiFe SuPPORT SYSTEMS &

HABITATION SYSTEMS

o Air Revitalization

o  Water Recovery & Management

o Waste Management

o Habitation

EXTRAVEHICULAR ACTIVITY SYSTEMS

o Pressure Garment

¢ DPortable Life Support System

o Power, Avionics & Software

Human HEALTH & PERFORMANCE

e Medical Diagnosis / Prognosis

e Long-Duration Health

o Behavioral Health

e Human Factors

ENVIRONMENTAL MONITORING,

SAFETY & EMERGENCY RESPONSE

o Sensors: Air, Water, Microbial, etc.

o Fire: Detection, Suppression, Recovery

e Protective Clothing / Breathing

o Remediation

RADIATION

¢ Risk Assessment Modeling
Radiation Mitigation

e Protection Systems

e Radiation prediction

e Monitoring Technology

TAQ7 seionamon

DESTINATION SYSTEMS

IN-SiTu RESOURCE UTILIZATION

e Destination Reconnaissance,
Prospecting, & Mapping

e Resource Acquisition

e Consumables Production

e Manufacturing Products
& Infrastructure Emplacement

SUSTAINABILITY &

SUPPORTABILITY
e Autonomous Logistics
Management

e Maintenance Systems
o Repair Systems
o Food Production, Processing,
& Preservation
“AbvANCED” HUMAN MoOBILITY
SYSTEMS
o EVA Mobility
o Surface Mobility
o  Off-Surface Mobility
"ADVANCED” HABITAT SYSTEMS
Integrated Habitat Systems
Habitat Evolution
“Smart” Habitats
Artificial Gravity
1sSION OPERATIONS & SAFETY
Crew Training
Planetary Safety
Integrated Flight Operations
Systems
o Integrated Risk Assessment Tools
CROss-CUTTING SYSTEMS
o Construction & Assembly
o Particulate Contamination
Prevention & Mitigation

ooog.o..

TA08 « SCIENCE
INSTRUMENTS,
OBSERVATORIES & SENSOR
SYSTEMS

REMOTE SENSING

INSTRUMENTS/SENSORS

o Detectors & Focal Planes
e Electronics

o Optical Components

e Microwave / Radio

e Lasers

o Cryogenic / Thermal
OBSERVATORIES

o Mirror Systems

e Structures & Antennas

o Distributed Aperture

IN-SITU INSTRUMENTS/SENSOR

o Particles: Charged & Neutral
o Fields & Waves

e In-Situ

TAQ9 besceirs

LANDING SYSTEMS

AEROASSIST &

ATMOSPHERIC ENTRY

¢ Rigid Thermal Protection Systems

o Flexible Thermal Protection
Systems

o Rigid Hypersonic Decelerators

o Deployable Hypersonic
Decelerators

Descent

o Attached Deployable Decelerators

o Trailing Dcproyablc Decelerators

o Supersonic Retropropulsion

LANDING

o Touchdown Systems

o Egress & Deployment Systems

o Propulsion Systems

o Small Body Systems

VEHICLE SYSTEMS TECHNOLOGY

o Separation Systems

o System Integration and Analyses

o Atmosphere & surface
characterization

e Modeling and Simulation

o Instrumentation and Health
Monitoring

¢  GN&C Sensors and Systems

TA1 1 + MODELING,
SIMULATION,
INFORMATION TECHNOLOGY

& PROCESSING

COMPUTING
o Flight Computing
o Ground Computing
MoDELING
o Software Modeling & Model-Checking
o Integrated Hardware & Software
Modeling
o Human-System Performance Modeling
o Science Modeling
o Frameworks, Languages, Tools &
Standards
SIMULATION
o Distributed Simulation
o Integrated System Lifecycle Simulation
o Simulation-Based Systems Engineering
o Simulation-Based Training &
Decision Support Systems
INFORMATION PROCESSING
o Science, Engineering & Mission Data
Lifecycle
Intelligent Data Understanding
Semantic Technologies
Collaborative Science & Engineering
Advanced Mission Systems

TA10xeNoLoay

ENGINEERED MATERIALS &
STRUCTURES

o Lightweight Structures

o Damage Tolerant Systems

o Coartings

o Adhesives

o Thermal Protection & Control
ENERGY GENERATION & STORAGE
o Energy Storage
o Energy Generation
PropuLsION

o Propellants

e Propulsion Components
o In-Space Propulsion
SENSORS, ELECTRONICS &
Devices

e Sensors & Actuators
e Nanoelectronics
e Miniature Instruments

TA'I 2 + MATERIALS,
STRUCTURES,

MECHANICAL SYSTEMS &

MANUFACTURING

MATERIALS

o Lightweight Structure

o Computational Design

o  Flexible Material Systems

e Environment

o Special Materials

STRUCTURES

o Lightweight Concepts

o Design & Certification Methods

o Reliability & Sustainment

o Test Tools & Methods

o Innovative, Multifunctional Concepts

MECHANICAL SYSTEMS
Deployables, Docking and Interfaces

o Mechanism Life Extension Systems

o Electro-mechanical, Mechanical &
Micromechanisms

o Design & Analysis Tools and Methods

o Reliability / Life Assessment / Health
Monitoring

o Certification Methods

MANUFACTURING

e Manufacturing Processes

o Intelligent Integrated Manufacturing
and Cyber Physical Systems

o Electronics & Optics Manufacturing
Process

e Sustainable Manufacturing

CRoss-CUTTING

o Nondestructive Evaluation

o Model-Based Certification &
Sustainment Methods

o Loads and Environments

TA13 Ginen

SYSTEMS PROCESSING

TecHNOLOGIES TO OPTIMIZE

THE OPERATIONAL LiFe-CycLE

e Storage, Distribution &
Conservation of Fluids

e Automated Alignment,
Coupling, & Assembly Systems

o Autonomous Command &
Control for Ground and
Integrated Vehicle / Ground
Systems

ENVIRONMENTAL AND GREEN

TECHNOLOGIES

e Corrosion Prevention,
Detection, & Mitigation

o Environmental Remediation &
Site Restoration

o Preservation of Natural Eco-
systems

o Alternate Energy Prototypes

TECHNOLOGIES TO INCREASE

RELIABILITY AND MissiON

AVAILABILITY

¢ Advanced Launch Technologies

e Environment-Hardened
Materials and Structures

o Inspection, Anomaly Detection
& Identification

o Fault Isolation and Diagnostics

¢ Prognostics Technologies

e Repair, Mitigation, and
Recovery Technologies

¢ Communications, Networking,
Timing & Telemetry

TECHNOLOGIES TO IMPROVE

MissioN SAFeTY/Mission Risk

o Range Tracking, Surveillance &
Flight Safety Technologies

¢ Landing & Recovery Systems
& Components

e  Weather Prediction and
Mitigation

o Robotics / Telerobotics

o Safety Systems

TA14 Jiacement

SYSTEMS

CRYOGENIC SYSTEMS

o Passive Thermal Control

o Active Thermal Control

¢ Integration & Modeling

THERMAL CONTROL SYSTEMS

o Heat Acquisition

o  Heat Transfer

o Heat Rejection & Energy
Storage

THERMAL PROTECTION SYSTEMS

o Entry/ Ascent TPS

e Plume Shielding (Convective
& Radiative)

o Sensor Systems & Measurement

Technologies

National Aeronautics and
Space Administration

JSC SUPPLEMENTAL DATA

TATS =
TAT6 "

AND HYPERVELOCITY

ORrBITAL DEBRIS

e Modeling

e Monitoring

o Mitigation

e Remediation
HyPERVELOCITY IMPACT

o Material Composition
e Experimental Investigations

TAT7ecunoroses

To Be DETERMINED

All NASA centers, based upon each center’s
unique qualifications, conduct research and
technology developments to assure the long-
term viability of America’s space program.
Each center’s domain of technical excellence
is based upon unique skills, personnel, and
facilities that are aligned with the technology
needs for NASA’s aeronautics and science
and human spaceflight missions. JSC’s core
technology competencies are directly tied
to human exploration and include power
generation, robotic manipulation and mobility
systems, autonomous rendezvous and docking,
radio frequency communications, position,
navigation and timing technologies, environ-
mental control and life support and habitation
systems, human health and performance, ra-
diation protection technologies, entry, descent
and landing systems, modeling, simulation
and information processing technologies,
lightweight structures, mechanical systems,
non-destructive evaluation, thermal control
and thermal protection, and orbital debris and
hypervelocity impact systems. The JSC Chief
Technologist as well as the Center’s technology
management and development organizations
assure that the Center’s advanced technology
planning, development, and infusion activities
are strategically aligned with future NASA
missions and programs.

For any additional information, visit us at
R&D Partnership Database (accessible to JSC
employees only) or contact us by email at
jsc-technology@mail.nasa.gov

Space Technology Roadmaps (STRs)

TECHNOLOGYAREABREAKDOWNSTRUCTURE
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SYSTEMS

TAQ 7 troriison

TAO2 somison

TECHNOLOGIES

SoLip RockeT PropULSION
SYSTEMS

o Propellants

o Case Materials

o Nozzle Systems

o Hybrid Rocket Propulsion
Systems

Fundamental Solid Propul-
sion Technologies

Liquip RockeT PropuL-
SION SYSTEMS

LH,/LOX Based
RP/LOX Based
CH,/LOX Based
Detonation Wave Engines
(Closed Cycle)
Propellants

Fundamental Liquid
Propulsion Technologies

CHEMICAL PROPULSION

Liquid Storable
Liquid Cryogenic
Gels

Solid

Hybrid

Cold Gas/Warm Gas

TAO4 + ROBOTICS,
TELE-

ROBOTICS&AUTONOMOUS|
SYSTEMS

SENSING & PERCEPTION

3-D Perception

Relative Position & Velocity
Estimation

Terrain Mapping,
Classification

& Characterization
Natural & Man-made
Object Recognition

Sensor Fusion for Sampling
& Manipulation

Onboard Science Data
Analysis

MosILITY

Extreme Terrain Mobility
Below-Surface Mobility
Above-Surface Mobility
Small Body/Microgravity
Mobility

MANIPULATION

+ COMMUNICATION

TAOS & NAVIGATION

OpticaL Comm. & NAVIGATION

Detector Development
Large Apertures

Lasers

Acquisition & Tracking
Atmospheric Mitigation

RADIO FREQUENCY COMMUNICATIONS

Spectrum Efficient Technologies
Power Efficient Technologies
Propagation

Flight & Ground Systems

Earth Launch & Reentry Comm.
Antennas

NTERNETWORKING

Disruptive Tolerant Networking
Adaptive Network Topology
Information Assurance
Integrated Network Management

Posimion, NAVIGATION, AND TIMING

Timekeeping & Time Distribution
Onboard Auto Navigation &
Maneuver

Sensors & Vision Processing Systems

Micro-propulsion
Non-CHEMICAL PROPULSION
e Electric Propulsion

¢ Solar Sail Propulsion

e Thermal Propulsion

e Tether Propulsion
Abvancep (TRL <3)
PROPULSION TECHNOLOGIES
e Beamed Energy Propulsion
e Electric Sail Propulsion
¢ Fusion Propulsion

o High Energy Density

e Robot Arms

¢ Dexterous Manipulators
Modeling of Contact
Dynamics

¢ Mobile Manipulation

¢ Collaborative Manipula-
tion

¢ Robotic Drilling & Sample
Processing

HumAN-SYSTEMS

INTEGRATION

¢ Multi-Modal Human-
Systems Interaction

Relative & Proximity Navigation
Auto Precision Formation Flying
Auto Approach & Landing
NTEGRATED TECHNOLOGIES

Radio Systems

Ultra Wideband

Cognitive Networks

Science from the Comm. System
Hybrid Optical Comm. &
Navigation Sensors

e RF/Optical Hybrid Technology
RevoLuTioNARY CONCEPTS

AIR BREATHING

PROPULSION SYSTEMS

e TBCC

RBCC

Detonation Wave Engines
(Open Cycle)

Turbine Based Jet Engines
(Flyback Boosters)
Ramjet/Scramjet Engines
(Accelerators)
Deeply-cooled Air Cycles
Air Collection &
Enrichment System
Fundamental Air Breathing
Propulsion Technologies

ANCILLARY PROPULSION
SYSTEMS

Auxiliary Control Systems
Main Propulsion Systems
(Excluding Engines)
Launch Abort Systems
Thrust Vector Control
Systems

Health Management &
Sensors

Pyro & Separation Systems
Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER
PROPULSION SYSTEMS

Ground Launch Assist

Air Launch / Drop Systems
Space Tether Assist
Beamed Energy / Energy
Addition

Nuclear

High Energy Density
Materials/Propellants

REVISED—12/20/12

Materials
Antimatter Propulsion
Advanced Fission

e Supervisory Control

Robot-to-Suit Interfaces
Intent Recognition &
Reaction

X-Ray Navigation
X-Ray Communications
Neutrino-Based Nav. & Tracking

e Breakthrough Propulsion
SUPPORTING TECHNOLOGIES

¢ Propellant Storage &
Transfer

TAO3 souere

ENERGY STORAGE

Power GENERATION

o Energy Harvesting

o Chemical (Fuel Cells, Heat
Engines)

o Solar (Photo-Voltaic &

Thermal)
¢ Radioisotope
o Fission
o Fusion

ENERGY STORAGE

o Batteries

o Flywheels

e Regenerative Fuel Cells

Power MANAGEMENT &

DISTRIBUTION

¢ FDIR

e Management & Control

o Distribution & Transmis-
sion

o  Wireless Power
Transmission

¢ Conversion & Regulation

Cross CUTTING

TECHNOLOGY

¢ Analytical Tools

e Green Energy Impact

e  Multi-functional Structures

o Alternative Fuels

o Distributed Collaboration

o Common Human-Systems
Interfaces

o Safety, Trust, &
Interfacing of Robotic/
Human Proximity
Operations

AuToNOMY

e Vehicle Systems
Management & FDIR

e Dynamic Planning &

Sequencing Tools

Autonomous Guidance &

Control

Multi-Agent Coordination

Adjustable Autonomy

Terrain Relative Navigation

Path & Motion Planning

with Uncertainty

Autonomous RENDEzvous

& DocKING

¢ Relative Navigation Sensors
(long-, mid-, near-range)

¢ Guidance Algorithms

e Docking & Capture
Mechanisms/Interfaces

e Mission/System Managers
for Autonomy/Automa-
tion

RTA SysTEmS ENGINEERING
Modularity/ Commonality
Verification & Validation
of Complex Adaptive
Systems

¢ Onboard Computing

Quantum Key Distribution
uantum Communications
SQIF Microwave Amplifier
Reconfigurable Large Apertures
Using Nanosat Constellations

TAQG iz suprorra

HABITATION SYSTEMS

EnviRoNMENTAL CONTROL

& LiFe SuPPORT SYSTEMS &

HABITATION SYSTEMS

o Air Revitalization

o  Water Recovery & Management

o Waste Management

o Habitation

EXTRAVEHICULAR ACTIVITY SYSTEMS

o Pressure Garment

¢ DPortable Life Support System

o Power, Avionics & Software

Human HEALTH & PERFORMANCE

e Medical Diagnosis / Prognosis

e Long-Duration Health

o Behavioral Health

e Human Factors

ENVIRONMENTAL MONITORING,

SAFETY & EMERGENCY RESPONSE

o Sensors: Air, Water, Microbial, etc.

o Fire: Detection, Suppression,
Recovery

e Protective Clothing / Breathing

e Remediation

RADIATION

e Risk Assessment Modeling
Radiation Mitigation

o Protection Systems

¢ Radiation prediction

¢ Monitoring Technology

TAQ7 seionamon

DESTINATION SYSTEMS

IN-SiTu RESOURCE UTILIZATION

e Destination Reconnaissance,
Prospecting, & Mapping

o Resource Acquisition

o Consumables Production

e Manufacturing Products
& Infrastructure Emplacement

SUSTAINABILITY &

SUPPORTABILITY
e Autonomous Logistics
Management

e Maintenance Systems

o Repair Systems

o Food Production, Processing,
& Preservation

“ADVANCED” HUMAN MOBILITY

SYSTEMS

o EVA Mobility

o Surface Mobility

o Off-Surface Mobility

“ADVANCED" HABITAT SYSTEMS

o Integrated Habitat Systems

o Habitat Evolution

o “Smart” Habitats

o Artificial Gravity

MissioN OPERATIONS & SAFETY

o Crew Training

o Planetary Safety

o Integrated Flight Operations
Systems

o Integrated Risk Assessment Tools

CRoss-CUTTING SYSTEMS

o Construction & Assembly

o Particulate Contamination
Prevention & Mitigation

TAQ9 besceirs

LANDING SYSTEMS

TA1 1 + MODELING,
SIMULATION,
INFORMATION TECHNOLOGY

& PROCESSING

AEROASSIST &

ATMOSPHERIC ENTRY COMPUTING
¢ Rigid Thermal Protection o Flight Computing
Systems ¢ Ground Computing
o Flexible Thermal Protection MODELING
Systems : "
o Rigid Hypersonic Decelerators ¢ %&vg g;é\/[odehng B
¢ Deployable Hypersonic o Integrated Hardware & Software
Decelerators Modeli
odeling
Descent o Human-System Performance Modeling
o Attached Deployable Decelerators o Science Modeling
o Trailing Deployable Decelerators o Frameworks, Languages, Tools &
e Supersonic Retropropulsion Standards
LANDING SIMULATION
o Touchdown Systems o Distributed Simulation
e Egress & Deployment Systems o Integrated System Lifecycle Simula-
o Propulsion Systems tion
o Small Body Systems o Simulation-Based Systems Engineer-

VEHICLE SYSTEMS TECHNOLOGY

o Separation Systems

o System Integration and Analyses
o Atmosphere & surface

ll’lg
o Simulation-Based Training &
Decision Support Systems
INFORMATION PROCESSING

characterization o Science, Engineering & Mission Data
e Modeling and Simulation Lifecycle
o Instrumentation and Health o Intelligent Data Understanding
Monitoring o Semantic Technologies

o GN&C Sensors and Systems

TA1O07wdne
TECHNOLOGY

ENGINEERED MATERIALS &

STRUCTURES

o Lightweight Structures

o Damage Tolerant Systems
o Coatings

o Adhesives

o Thermal Protection & Control
ENERGY GENERATION & STORAGE

o Energy Storage
L]
P
L]
L]
L]

TA'I 2 » MATERIALS,
STRUCTURES,

MECHANICAL SYSTEMS &

MANUFACTURING

MATERIALS
o Lightweight Structure
o Computational Design
o Flexible Material Systems
e Environment
o Special Materials
STRUCTURES
o Lightweight Concepts
o Design & Certification Methods
o Reliability & Sustainment
o Test Tools & Methods
o Innovative, Multifunctional Concepts
MECHANICAL SYSTEMS
Deployables, Docking and Interfaces

Energy Generation
ROPULSION
Propellants
Propulsion Components
In-Space Propulsion
SENSORS, ELECTRONICS &

Devices o Mechanism Life Extension Systems

e Sensors & Actuators o Electro-mechanical, Mechanical &

e Nanoelectronics Micromechanisms

e Miniature Instruments o Design & Analysis Tools and Methods

o Reliability / Life Assessment / Health
Monitoring

TA08 « SCIENCE
INSTRUMENTS,
OBSERVATORIES & SENSOR
SYSTEMS

e Certification Methods
MANUFACTURING

e Manufacturing Processes
o Intelligent Integrated Manufacturing

and Cyber Physical Systems

REMOTE SENSING

INSTRUMENTS/SENSORS

o Detectors & Focal Planes
e Electronics

o Optical Components

e Microwave / Radio

e Lasers

o Cryogenic / Thermal
OBSERVATORIES

o Mirror Systems

e Structures & Antennas

o Distributed Aperture

IN-SITU INSTRUMENTS/SENSOR

o Particles: Charged & Neutral
o Fields & Waves

e In-Situ

o Electronics & Optics Manufacturing
Process

e Sustainable Manufacturing

Cross-CUTTING

o Nondestructive Evaluation

o Model-Based Certification &
Sustainment Methods

e Loads and Environments

TA13 Ginen

SYSTEMS PROCESSING

TecHNOLOGIES TO OPTIMIZE

THE OPERATIONAL LiFe-CycLE

e Storage, Distribution &
Conservation of Fluids

e Automated Alignment,
Coupling, & Assembly Systems

o Autonomous Command &
Control for Ground and
Integrated Vehicle / Ground
Systems

ENVIRONMENTAL AND GREEN

TECHNOLOGIES

e Corrosion Prevention,
Detection, & Mitigation

o Environmental Remedia-
tion &
Site Restoration

o Preservation of Natural
Ecosystems

o Alternate Energy Prototypes

TECHNOLOGIES TO INCREASE

RELIABILITY AND MissioN

AVAILABILITY

Advanced Launch Technologies

Environment-Hardened
Materials and Structures

Inspection, Anomaly Detection

& Identification

Fault Isolation and Diag-
nostics

Prognostics Technologies
Repair, Mitigation, and
Recovery Technologies

Communications, Networking,

Timing & Telemetry

TECHNOLOGIES TO IMPROVE
Mission SAFETY/MissioN Risk

. Ranﬁe Tracking, Surveillance &

Flight Safety Technologies
Landing & Recovery Systems
& Components

Weather Prediction and
Mitigation

Robotics / Telerobotics

TA'I 4 « THERMAL

MANAGEMENT]
SYSTEMS

CRYOGENIC SYSTEMS

Passive Thermal Control
Active Thermal Control
Integration & Modeling

THERMAL CONTROL SYSTEMS

Heat Acquisition

Heat Transfer

Heat Rejection & Energy
Storage

THERMAL PROTECTION SYSTEMS

Entry / Ascent TPS
Plume Shielding (Convective
& Radiative)

Sensor Systems & Measurement

Technologies

National Aeronautics and
Space Administration

TA15 ™7

TA16 oesris

AND HYPERVELOCITY

ORrBiTAL DEBRIS

. Modcling

e Monitoring

o Mitigation

o Remediation
HYPERVELOCITY IMPACT

e Material Composition
o Experimental Investigations

TAT/recindrosres

To BE DETERMINED

Our experience in space exploration
benefits life on earth. NASA has many
capabilities and assets that may be appli-
cable to your industry. Whether you are
working in commercial space, acrospace
or non-aerospace industries, we want

to pursue collaborative partnerships

in R & D, advanced technology and
new technology applications. We invite
you to explore Johnson Space Center’s
world-class expertise and capabilities,
including an established infrastructure,
unique engineering facilities, integrated
project management, safety and risk
analysis, human habitability, health

and performance expertise, and proven
design, development, testing and
operation of complex systems designed
for extreme environments. We are
committed to helping you leverage our
expertise and capabilities to meet your

goals.

Contact the JSC Strategic Opportunities
and Partnership Development Office by
phone 281-483-3000 or jsc-partnerships@
mail.nasa.gov by email to begin a conversa-
tion about your interests. For information
visit: JSC Human Spaceflight Capabilities

Space Technology Roadmaps (STRs)
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COMMERCIALIZATION
POTENTIAL — JSC PERSPECGTIVE

National Aeronautics and
Space Administration

TA15 ™7

OFFICIAL NASA ROADMAPS

TAO4 + ROBOTICS,
TELE-

TAOS inavianon TAQ9oescenre | | TAT sitanon, | |TAT13 iaonen

ROBOTICS&AUTONOMOUS LANDING SYSTEMS INFORMATION TECHNOLOGY SYSTEMS PROCESSING
SYSTEMS OpricaL Comm. & NaviGaTion & PROCESSING - ORBITAL
o Detector Development AEROASSIST & TECHNOLOGIES TO OPTIMIZE
DEBRIS AND
SENSING & PERCEPTION e Large Apertures ATMOSPHERIC ENTRY COMPUTING THE OPERATIONAL LIFE-CYCLE HYPERVELOCITY IMPACT
o 3-D Perception * Laser§ . R . o Rigid Thermal Protection Systems o  Flight Computing e Storage, Distribution &
o Relative Position & Velocity ~ * icqulsltﬁon_ &MTY?Cng o Flexible Thermal Protection ¢ Ground Computing Conservation pf Fluids 0 D
Estimation . tmospheric Mitigation Systpms ) MODELING . Automated Ahgnment, RBITAL FBRIS
o Terrain Mapping, Rapbio FReQUENCY .COMMUNICATIOT\IS * Rigid Hypersonic Decelerators « Software Modeling 8 Model-Checking Coupling, & Assembly Systems o ﬁod.clm.g
Classification e Spectrum Efficient Technologies o Deployable Hypersonic e Autonomous Command & . onitoring
. . o Integrated Hardware & Software .
& Characterization o Power Efficient Technologies Decelerators Modeling Control for Ground and ¢ Mitigation
JA0S™ T T A o Natural & Man-made i Prppagation ) Descent o Human-System Performance Modeling Incegrated Vehicle / Ground « Remediation
Object Recognition o Flight & Ground Systems o Attached Deployable Decelerators o Science Modeling Systems HyPERVELOCITY IMPACT
o Sensor Fusion for Sampling e Earth Launch & Reentry Comm. o Trailing Dcproyablc Decelerators o Frameworks, Languages, Tools & ENVIRONMENTAL AND GREEN e Material Composition
T AO 1 « LAUNCH T AO 2 « IN-SPACE & Manipulation e Antennas T AO7 +« HUMAN o Supersonic Retropropulsion Standards TECHNOLOGIES o Experimental Investigations
PROPULSION PROPULSION| * 222102::1 Science Data INTER’\"ETWO.RKlNG ) EXPLORATION LANDING SIMULATION ¢ Corrosion Prevention,
SYSTEMS TECHNOLOGIES ¥ +  Disruptive Tolerant Nerworking DESTINATION SYSTEMS «  Touchdown Systems . DTSR Detection, & Mitigation- TA'I 7 EMERGING
MO;ILITY T Mol . f&(}aptlve_Nexvork Topology o Egress & Deployment Systems o Integrated System Lifecycle Simulation  ® ]énwgmmental Remediation & TECHNOLOGIES]
. xtreme lerrain Mobi ity . nrormation Assurance ~ P Isi Syst Si lation-Based S Engi 7 ite Restoration
Souib RockeT PRoPULSION CHEWCA!' PROPULSION o Below-Surface Mobility o Integrated Network Management IN-SiTy RESO_URCE UTlLIZAHON : Srr:,ﬁlllgi,o(g, S};,Ssteel:nlss : S;zuul:ggg-Bzz:d Tz;tiiril;sg &ngmcermg o Preservation of Natural Eco- To Be DETERMINED
SYSLEMS ] . iigﬁig E:t?yrs;ii - + Above-Surface Mobiliy PosiTioN, NAVIGATION, AND TIMING . ?:g:;iiﬁ; %:c&zgiﬁgmc’ VEHICLE SYSTEMS TECHNOLOGY Decision Suppore Systems e Encrey P .
e lPropellants M e Sm: o icrogravit i i i istributi » O Ve . . ternate Energy Prototypes
. e aterials . Gels Nobility Y. gravity . ”Cf)xgréc;)kaeépxi iél\}:vr?eagés;%?unon + Resource Acquisition e Separation Systems |NFORMATION PRQCEsglNG . TECHNOLOGIES T0 InCREASE
o Nozzle Systems « Solid M 8 o Consumables Production o System Integration and Analyses o Science, Engineering & Mission Data
o Hybrid Rocket Propulsion e  Hybrid ANIPULATION Maneuver ) «  Manufacturing Products o Atmosphere & surface Lifecycle ReLiABILITY AND MissioN
Systems o Cold Gas/Warm Gas ¢ Robot Arms i ° Sexfsqrs & VlSlO'n Proce351pg Systems & Infrastructure Emplacement characterization o Intelligent Data Understanding AVAILABILITY
o Fundamental Solid Propul- ¢ Micro-propulsion *  Dexterous Manipulators o Relative & Proximity Navigation SUSTAINABILITY & o Modeling and Simulation o Semantic Technologies o Advanced Launch Technologies
. : P e Modeling of Contact e Auto Precision Formation Flyin, - . n L : -
sion Technologies NON-CHEMICAL PROPULSION b g o A b ying SUPPORTABILITY o Instrumentation and Health o Collaborative Science & Engincering o  Environment-Hardened The Technoloey Transf d
: : ynamics ) ¢ /Awuto Approac anding . Monitoring o Advanced Mission Systems Materials and Structures ¢ lechnology lranster an
;g’&“gﬁ%ﬁ? PropuL- : ]SEielif‘réfaiIl)liS rl:c’> l;l]slll(s)lr:) N . 1(\:4(11131{)6 Ma—_nlpll\l/iaflfm - INTEGRATED TECHNOLOGIES ° ﬁl;g:;'::;ﬁst Logistics e GN&C Sensors and Systems o Inspection, Anomaly Detection Commercialization Office at NA-
S ¢ Collaborative Manipulation Reto S 1 N & Identificati ,
e LH./LOX Based o Thermal Propulsion e Robortic Drilling & Sample * Uell 10\Wy.§cgls d o Maintenance Systems X . MATERIALS, . FaulteIr; ollai?of:n d Diaenostics SA’s Johnson Space Center (JSC)
/ d o Tether Propulsion 4 o S e o Repair Systems NANO STRUCTURES 4 A facili h £
o RP/LOX Base Processing ¢ Cognitive Networks F P dp 4 duction. P n TECHNOLOGY ¢ ¢ Prognostics Technologies acilitates the transfer and commer-
. CH4/LQX Based ) Aovancep (TRL <3) HUMAN-SYSTEMS e Science from the Comm. System ¢ 8?% roduction, Frocessing, MECHANICAL SYSTEMS & e Repair, Mitigation, and cialization of NASA-sponsored
B ]()&tona&ngn \l’(/swe Engines  PropuLSION TECHNOLOGIES INTEGRATION ¢ Hybrid Optical Comm. & A rcsc:\stlon M ENGINEERED MATERIALS & MANUFACTURING Recovery Technologies . research and technology as well as
osed Lycle e Beamed Energy Propulsion Multi-Modal H - Navigation Sensors DVANCED™ FIUMAN MIOBILITY e Communications, Networking, o
. Pro}z{ella\ntsal _— e Electric Sail Propulsion * Sylsltelms fnt?:ractuironr? " ¢ RF/Optical Hybrid Technology SYSTEMS STRUC.TURES ' MATERIALS Timing & Telemetry the use of JSC’s unique research
Fundamental Liquid »  Fusion Propulsion « Supervisory Control REVOLUTIONARY CONCEPTS » EVA Mobiliy s B o Ligheweight Structure TECHNOLOGIES TO IMPROVE and development capabilities and
Propulsion Technologies *  High Energy Density e Robot-to-Suit Interfaces o X-Ray Navigation o Surface Mobility +  Damage Tolerant Systems o Computational Design MissioN SAFeTY/Mission Risk facilities. The office works with en-
AIR BREATHING Marterials ) o Intent Recognition & e X-Ray Communications o Off-Surface Mobilicy N ggﬁtll?gs o Flexible Material Systems o Range Tracking, Surveillance & : 4ls
PROPULSION SySTEMS e Antimater Propulsion Reaction ¢ Neutrino-Based Nav. & Tracking “ADVANCED" HABITAT SYSTEMS : K i ¢ Environment Flight Safety Technologies (RGN, DIPTSR, B TNE=
« TBCC * Advanced Fission o Distributed Collaboration ¢ Quantum Key Distribution o Integrated Habitat Systems »  Thermal Protection & Control o Special Materials . Lar%ding & l}éecovery S)%Stems tors, helping them license NASA-
« RBCC ‘ ¢ Breakthrough Propulsion ¢ Common Human-Systems e Quantum Communications e Habitat Evolution ENERGY GENERATION & STORAGE STRUCTURES & Components developed technologies so they can
¢ Detonation Wave Engines SUPPORTING TECHNOLOGIES Interfaces o SQIF Microwave Amplifier o “Smart” Habitats e Energy Storage o Lightweight Concepts e  Weather Prediction and bring th h ketplace. Wi
(Ope_n Cycle) ] e Propellant Storage & o Safery, Trust, & ) o Reconfigurable Large Apertures o Artificial Gravity ¢ Energy Generation o Design & Certification Methods Mitigation nflg them to the mar CtR ace. We
* (Tﬁ;lﬁ::kBgzcoit{?sfnngS Transfer }fllltl:‘ia;l;rgozil;gl;onc/ Using Nanosat Constellations Mission OPERATIONS & SAFETY PropuLsioN o Reliability & Sustainment . SRObetigs / Telerobotics aﬁ“"dyhmf::t technfologles thlat
. X . . o Crew Trainin o DPropellants o Test Tools & Methods e oafety dystems show a high degree of potential,
. l({gm)elt/ Scrar;qet Engines T AO 3 « SPACE Operations T AO 6 «HUMAN HEALTH, | Planctary Safgy e Propulsion Components ¢ Innovative, Multifunctional Concepts creating appropriate promotional
B Dececi C-rca(fglresd Air Cycles POWER & AUTONQMY LIFE SUPPORT & *  Incegrated Flight Operations : In-Space Propulsion MECHANICAL SYSTEMS TA1 4 - THERMAL collateral, seeking out prospective
OO Tt ) ENERGY STORAGE +  Vehicle Systems HABITATION SYSTEMS Systems SENSORS, ELECTRONICS & Deployables, Docking and Interfaces MANAGEMENT| . ’ § Out prospectiv
Eni Management & FDIR o Integrated Risk Assessment Tools  Devices Mechanism Life E ion S licensees, and negotiating win-win
nrichment System Do Plannics & ¢ Mechanism Life Extension Systems SYSTEMS :
o Fundamental Air Breathing ~ POWER GENERATION y Se}zluencing Toolsg EnvIRONMENTAL CONTROL Cross-CUTTING SYSTEMS o Sensors & Actuators o Electro-mechanical, Mechanical & deals. NASA patent licenses may
Propulsion Technologies e Energy Harvesting 3 & LIFE SUPPORT SYSTEMS & e Construction & Assembly o Nanoelectronics Micromechanisms b lusi -exclusi tiall
ANCILL Al;Y PROPULSION 8 e Chemical (Fuel Cells, Heat *® aufoomoGlGH TR HABITATION SYSTEMS o Particulate Contamination e Miniature Instruments e Design & Analysis Tools and Methods CRYOGEMC SYSTEMS ¢ CXC. LSIVE JEOREXE usw.e, perrdellyy
Ul Engines) Control ! D T>TEM Prevention & Mitization o Reliability / Life Assessment / Health ~ ® Passive Thermal Control exclusive, or non-exclusive.
SYSTEMS S Ig (Photo-Voltaic & e Multi-Agent Coordination o Air Revitalization g Monitorin o Active Thermal Control
« Auxiliary Control Systems D T(;] :rrmal)oto— oltaic o Adjustable Autonomy o Water Recovery & Management e Certificati (;gn Methods e Integration & Modeling
o Main Propulsion Systems « Radioisotope o Terrain Relative Navigation ~ ¢ Waste Management TAO 8 + SCIENCE M THERMAL CONTROL SYSTEMS For more information contact us
(Excluding Engines) o Fission P o Path & Motion Planning o Habitation INSTRUMENTS, ANUFACTURIN§ + Heat Acquisition by calling 281-483-3809, sending
e Launch Abort Systems e Fusion with Uncertainty EXTRAVEHICULAR ACTIVITY SYSTEMS OBSERVATORIES & SENSOR ¢ Manufacturing Processes i e Heat Transfer g 3
Thrust Vector Control o Intelligent Integrated Manufacturing NSt email to jsc-techtran@mail.nasa.gov
e Thrust Autonomous RenDEzvous e Pressure Garment : .
ENERGY STORAGE SYSTEMS d Cyber Physical S Heat Rejection & Energy .
Systems & DOCKING o Portable Life Support System prial Cjpivar il Sysiiig ) S or visiting us on the web at:
e Health Management & *  Barteries ; {oati o Power, Avionics & Software il ccionte b Opdtaivbuibsntin o SC Technology Transfe
Sersors o Flywheds o Relative Navigation Sensors > REMOTE SENSING Process THERMAL PROTECTION SYSTEMS J SO}y Mloki &

e DPyro & Separation Systems

o Fundamental Ancillary

e Regenerative Fuel Cells
Power MANAGEMENT &

(long-, mid-, near-range)
e Guidance Algorithms
e Docking & Capture

HumaN HEeALTH & PERFORMANCE
e Medical Diagnosis / Prognosis

INSTRUMENTS/SENSORS

Detectors & Focal Planes

e Sustainable Manufacturing
Cross-CUTTING

Entry / Ascent TPS
Plume Shielding (Convective

. ! Long-Duration Health ) . . jati

Propulsion Technologies DISTRIBUTION Mechanisms,/ Thterfaces : Bchfvioral Health . Elcc_tromcs . o Ev?lluat}on Sc Radl;tlvc) M

UNCONVENTIONAL / OTHER FDIR issi » Optical Components o Model-Based Certification & ® ocnsor Systems casurement
. e Mission/System Managers ¢ Human Factors e Microwave / Radio Sustai Method: Technologies
PROPULSION SYSTEMS e Management & Control for Autonomy/Automation  ExyiRoNMENTAL MONITORING Ll Lust(aiunmgllizt fethods
. 1 H H H 1, ’
o Ground Launch Assist . l\’)(/‘,s“i “tf)on & Transmission RTA Systems ENGINEERING SAFETY & EMERGENCY RESPONSE « Cryogenic / Thermal ¢ ZoacslandUNVITONMENES
i . ireless Power : .
Air Launch / Drop Systems e s @l ¢ Modularity/Commonality o Sensors: Air, Water, Microbial, etc. OBSERVATORIES

L]
o Space Tether Assist
L]

Verification & Validation of

o Fire: Detection, Suppression, Recovery

B d'En /En ¢ Conversion & Regulation ) : ) ! e Mirror Systems
Azaé?go il crgy crgy Cross CUTTING . 82‘;33;:3‘ égig’;il"t C; rfgswms . ﬁrotcj}ve_ Clothing / Breathing e Structures & Antennas
e Nuclear TECHNOLOGY ¢ Remediation o Distributed Aperture R R
High Energy Densiry o Analytical Tools RapIATION . IN-SITU INSTRUMENTS/SENSOR d Ce ec n 0 0 Od m d S S
Materials/Propellants o Green Energy Impact * RlSIS A'sscssm'er}t Modelmg o Particles: Charged & Neutral
e Multi-functional Structures Radiation Mitigation o Fields & Waves
e Alternative Fuels e Protection Systems o In-Situ

REVISED—12/20/12

e Radiation prediction
e Monitoring Technology

Note: Evaluation is based upon competitive, commercial market potential over next decade and thus

must demonstrate unique value and advance state of the art in a commercial market
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AREAS OF
SIGNIFIGANT OVERLAP®

OFFICIAL NASA ROADMAPS

National Aeronautics and
Space Administration

JSC SUPPLEMENTAL DATA

L]
o Space Tether Assist
L]

Verification & Validation of

o Fire: Detection, Suppression, Recovery

TAO4-ROBOTICS, TAOS - COMMUNICATION TA09 ENTRY, TA1 1 - MODELING, TA1 3 < GROUND & TA'] 5 + RESERVED
TELE- & NAVIGATION DESCENT & SIMULATION, LAUNCH
ROBOTICS&AUTONOMOUS LANDING SYSTEMS INFORMATION TECHNOLOGY SYSTEMS PROCESSING
SYSTEMS OpricaL Comm. & NAVIGATION & PROCESSING ~ORBITAL
o Detector Development AEROASSIST & TECHNOLOGIES TO OPTIMIZE TA 1 6 DEBRIS
SENSING & PERCEPTION e Large Apertures ATMOSPHERIC ENTRY COMPUTING THE OPERATIONAL LIFE-CYCLE AND HYPERVELOCITY
«  3-D Perception o Lasers ) . o Rigid Thermal Protection Systems o  Flight Computing e Storage, Distribution &
o Relative Position & Velocity icqmmﬁon_ &MTr?Cng o Flexible Thermal Protection ¢ Ground Computing Conservation pf Fluids
Estimation e Atmospheric Mitigation Systems MODELING e Automated Alignment, ORBITAL DEBRIS
o Terrain Mapping, Rabio FReQUENCY COMMUNICATIONS o Rigid Hypersonic Decelerators e Software Modeling & Model-Checkin Coupling, & Assembly Systems o Modeling
Classification e Spectrum Efficient Technologies o Deployable Hypersonic 5 ® o«  Autonomous Command & I -~
. ; o Integrated Hardware & Software onitoring
& Characterization o DPower E&iaem Technologies Decelerators Modeling Control for Grpund and « Mitigation
JROS™ T ) i . Nat_ural & Man:rpadc . Prppagatwn | DEescent o Human-System Performance Modeling Integrated Vehicle / Ground o Remediation
Object Recognition e Flight & Ground Systems o Attached Deployable Decelerators o Science Modeling Systems HYPERVELOCITY IMPACT
e Sensor Fusion for Sampling e Earth Launch & Reentry Comm. o Trailing Dcproyablc Decelerators o Frameworks, Languages, Tools & ENVIRONMENTAL AND GREEN Material C iti
T A O 1 . LAUNCH T A O 2 « IN-SPACE & Manipula'tion e Antennas T AO 7 « HUMAN o Supersonic Retropropulsion Standards TECHNOLOGIES : Ex:;tecrril?nengﬁ1 {)r:)vselz:i);tions
PROPULSION PROPULSION| * 2221021? Science Data INTER’\_'ETWO.RKlNG 4 EXPLORATION LANDING SIMULATION ¢ Corrosion Prevention,
SYSTEMS TECHNOLOGIES Mosimy. +  Disruprive Toleranc Neeworking DESTINATION SYSTEMS « Touchdown Systems « Distributed Simulation Detection, & Mirigation -EMERGING
O;'UTY T Eh . I faPUV: e;\ivor opology o Egress & Deployment Systems o Integrated System Lifecycle Simulation ~ ® Ié'nwi‘{)nment.al Remediation & TECHNOLOGIES
° xtreme lerrain Mobi 1ty . nrormation Assurance _ P Isi Syst Si 1 ion-B d S Engi : 1te nestoration
SoLip Rocker PROPULSION CHEM_|CA_L PROPULSION o Below-Surface Mobility e Integrated Network Management In-5mu RESO.URCE UTlLIZA.TlC)N : S::aﬁlllgi)o% S};Ssteerrrnlss : S;zﬁliggg-BZz:d "B;:ti‘r:nril;sg &nglneermg o Preservation of Natural Eco-
SYSTEMS e Liquid Storable o Above-Surface Mobility PosiTioN, NAVIGATION, AND TIMING ¢ Destination Reconnaissance, Vi S T Decision Support Systems systems To 8 DETERMINED
P I e Liquid Crvogenic oI Bod : ) Prospecting, & Mapping EHICLE SYSTEMS TECHNOLOGY pp o4 Al E P
. Cra(l)sgcl\/la::zials . G?ls o8 * i;{n b'l]'30 y/Microgravity e Timekeeping & Time Distribution e Resource Ac’quisition e Separation Systems INFORMATION PROCESSING * /Mternate Lhergy Frototypes .
o Nozzle Systems e Solid MANIP(CJLIA;TZ)N . lC\)Anboard Auto Navigation & e Consumables Production o System I}r:tcgrationfand Analyses o Science, Engineering & Mission Data EEE:\EI(IJ_II_SYGL\ESJ?\/:EEIF;EI\?SE
Hybrid Rocket Propulsi Hybrid aneuver . o Manufacturing Products o Atmosphere & surface Lifecycle
® Sy};ter;n ; ocket Lropulsion : CZI d Gas/Warm Gas B %obot Arml\s/I - . }SfTSSrS 83; \IQISIO'H P:OC;ISS{“g tSystems & Infrastructfre Emplacement cha:ia(iterizat(iion o Intelligent Data Understanding AVAILABILITY
. . i . . exterous Manipulators . elative roximity INavigation M i Si lati S ic Technologi Ad dL h Technologi
» Fundamental Solid Propul- —+  Micro propulion »  Modeling of Contact Auto Precision Formarion Flying ~ 2USTANABLLITY & +  Instrumentation and Health + Collaborative Science & Engincering  + Environment Hardened | These “Arcas of Significanc Overlap” highlighe
sion Technologies NoN-CHEmICAL PROPULSION ; . h di SUPPORTABILITY e > 8 8 ‘ ] orici
L R P _ Electric Propulsi Dynamics . Auto Approach & Landing . Monitoring o Advanced Mission Systems Materials and Structures the overlaps between weighted priorities
IQUID ROCKET FROPUL e Llectric Lropulsion o Mobile Manipulation INTEGRATED TECHNOLOGIES * Autonomous Logistics o GN&C Sensors and Systems o Inspection, Anomaly Detection identified in these “prioritization charts”. The
SION SYSTEMS * Solar Sail Propulsion ¢ Collaborative Manipulation  ,  Radio Systems Management MATERIAL & Identification q
e LH./LOX Based e Thermal Propulsion ¢ Robotic Drilling & Sample e Ula \Wyidcba_nd e Maintenance Systems “NANO- TA1 2 . S, , lendnaton JSC Technology Working Group (JTWG)
e RP/LOX Based o Tether Propulsion Processin: . o Repair Systems STRUCTURES, ] 8 determined the weighting factors that should
) o Cognitive Networks 4 ¢ Prognostics Technologies
o CH,/LOX Based Apvancep (TRL <3) HUMAN-SYSTEMS . Sci?nce from the Comm. System *  Food Production, Processing, TECHNOLOGY MECHANICAL SYSTEMS & + Repair, Micigation, and be associated with cach of the four sets of
. ]()éltonzzitign \l’(/swe Engines  PROPULSION TECHNOLOGIES INTEGRATION e Hybrid Optical Comm. & A & Prcsc,f:tlon M ENGINEERED MATERIALS & MANUFACTURING Recovery Technologies priorities as follows:
osed Lycle e Beamed Energy Propulsion Multi-Modal Human- Navigation Sensors DVANCED™ FIUMAN MIOBILITY ¢ Communications, Networking,
° gro%ellants Al Liquid o Electric Sail Propulsion ’ Systems Interaction o RF/Optical Hybrid Technology SYSTEMS STRLI{CTERES hes MATERIALS Timing & Telemetry Human Space Flight (HSF) Needs (pg. 2) 0.4
undamental Liqui ¢ Fusion Propulsion o Supervi C 1 R C o EVA Mobilit o Lightweight Structures i i T | g
. . ! ) pervisory Contro! EVOLUTIONARY CONCEPTS Y o Lightweight Structure ECHNOLOGIES TO IMPROVE JSC Technology Competencies (pg.3) 0.4
Propulsion Technologies « High Encrgy Density e Robot-to-Suit Interfaces e X-Ray Navigation o Surface MOblhtY' . « D amage Tolerant Systems o Computational Design MissioN SAreTy/MissioN Risk Partnership P ol el lz 4) b8 0.1
AIR BREATHING Mat'enals ) e Intent Recognition & ¢ X-Ray Communications o  Off-Surface Mobility o Coatings « Flexible Material Systems « Range Tracking, Surveillance & artners ~P1- otential (pg. - L
PRrOPULSION SysTEMS . ﬁgtlmatzer}: Propulsion Reaction ' +  Neutrino-Bascd Nav. & Tracking A DVANCED" HABITAT SYSTEMS : %;iehrisglels) cection & Control e Environment Flight Safecy Tochnologics Commercialization Potential (pg. 5) 0.1
¢ TBCC * B V"l‘{“;c ‘;5‘1;)“ si o Distributed Collaboration o Quantum Key Distribution o Integrated Habitat Systems o Special Materials o Landing & Recovery Systems Each technical area in the Space Technol-
e« RBCC e Dreakthrough Fropulsion o  Common Human-Systems o  Quantum Communications o Habitat Evolution ENERGY GENERATION & STORAGE STRUCTURES & Components ¢
o Detonation Wave Engines  SUPPORTING TECHNOLOGIES Interfaces ¢ SQIF Microwave Amplifier e “Smart” Habitats o Energy Storage o Lightweight Concepts e Weather Prediction and oy eatingg Technolog).l Area Breakdown
(OPC_H Cycle) ) ¢ Propellant Storage & o Safety, Trust, & ) o Reconfigurable Large Apertures o Artificial Gravity o Energy Generation o Design & Certification Methods Mitigation Structure (TABS) was assigned a raw score
. TulrbgnckBascd]ct Engines Transfer gtcrfaclf)lg O{_: R.o botic/ Using Nanosat Constellations MissioN OPERATIONS & SAFETY PropuLSION o Reliability & Sustainment ¢ Robotics / Telerobotics (high priority = 0.9, medium priority = 0.3,
I(KF ybac SBoost.ersl):‘ . Ouman' roximity o Crew Training o DPropellants o Test Tools & Methods o Safety Systems low priority = 0.1) which was multiplied by
o Ramjet/Scramjet Engines « SPACE perations « HUMAN HEALTH, | | planctary Safer o Propulsion Components ¢ Innovative, Multifunctional Concepts the weights for each of the four priority areas.
(Accelerators) AUTONOMY y ety : In-S P Isi 5 P Y
« Deeply-cooled Air Cycles POWER & oo LIFE SUPPORT & o Integrated Flight Operations e In->pace Propulsion MECHANICAL SYSTEMS T A'I 4 « THERMAL Overlap scores were computed by summing
e Air Collection & ENERGY STORAGE * I\Z Icle Systems EDIR HABITATION SYSTEMS Systems ) SENSORs, ELECTRONICS & Dcployablcs, Docking and Interfaces MANAGEMENT| the four weighted scores for each TABS area.
) anagement & o Integrated Risk Assessment Tools DEVICES . hani ife ion S .
Enrichment System e Dvynamic Planning & Mechanism Life Extension Systems SYSTEMS For example, the TAO6 Human Health, Life
o Fundamental Air Breathing PoweRr GENERATION S Y - 8 EnviIRONMENTAL CONTROL CRoss-CUTTING SYSTEMS o Sensors & Actuators o Electro-mechanical, Mechanical & L .
' ‘ . equencing Tools R . - hani Support & Habitation Systems / Radiation /
Propulsion Technologies e Energy Harvesting e Autonomous Guidance & & LiFe SUPPORT SysTEMS & e Construction & Assembly ¢ Nanoelectronics Micromechanisms CRYOGENIC SYSTEMS itoring Technol ioned th
ANCILLARY PROPULSION o Chemical (Fuel Cells, Heat Control HABITATION SYSTEMS o Particulate Contamination e Miniature Instruments o Design & Analysis Tools and Methods Passive Th c | Monitoring Technology area was assigned the
Engines) Onro - . e T— Prevention & Mitigation o Reliability / Life Assessment / Healch ~ ®  tassive thermal &ontro following raw scores:
SYSTEMS . Sol%r (Photo-Voltaic & e Multi-Agent Coordination o Air Revitalization g M onitori}rllg o Active Thermal Control
. Au{(iliary Cor}trol Systems Thermal) . ?djus_tablclAgtonon-l_y ) : XVVM:Y ll\i/lecl?VefI};&; i\’lanagemem ~SCIENCE o Certification Methods ¢ Integration & Modeling HSF Technology Needs 0.9
e Main Propulsion Systems « Radioisotope . er}r]am Relative I\llawgatlon Haf),: lanageme TA08 MANUFACTURING THermAL CONTROL SYSTEMS JSC Core Technology Competencies 0.3
(Excluding Engines) e Fission o Path & Motion Planning * abitation INSTRUMENTS, £ : e Heat Acquisition : :
o Launch Abort Systems o Fasion with Uncertainty EXTRAVEHICULAR ACTIVITY SYSTEMS OBSERVATORIES & SENSOR . Manq acturing Processes ] v Hear Transfer Partncrshlp Potential 0.3
o Thrust Vector Control AuTtonomous RENDEZvOUS o DPressure Garment *  Incelligent Integrated Manufacturing e Commercialization Potential 0.0
Systems ENERGY STORAGE & DocKING o Dortable Life Support System SYSTEMS and Cyber Physical Systems ¢ é—leat liesiton ezl snang
i S El ics & Optics Manuf: i EQIdSE itori -
¢ Health Management & . ]}313 ehecls o Relative Navigation Sensors ~ ®  Power, Avionics & Software REMOTE SENSING T Draceer o pHe nUREIRE o eRwAL PROTECTION SsTEMS The Overlap score for the Monitoring Technol
Sensors yWhEes (long-, mid-, near-range) HumaN HEALTH & PERFORMANCE : . ogy area was calculated to be: 0.9x 0.4 +0.3x
+ Pyro & Scparation Systems ~ * Regenerative Fuel Cells ng-, , Nea g ] " - ) INSTRUMENTS/SENSORS e Sustainable Manufacturing o Entry/ Ascent TPS 04+03x0.1+00x00=051. A ified
o Fundamental Ancillar Power MANAGEMENT & - B ance R ¢ Medical Diagnosis / Prognosis o Detectors & Focal Planes Cross-CUTTING o Plume Shielding (Convective 5 WGl 3 QUD D =S, 4 Padiile
Prosulsion Technolo }i’es DISTRELTION ¢ Docking & Caprure ¢ Long-Duration Health e Electronics +  Nondestructive Evaluation & Radiative) number of TABS areas with the highest Over-
UNCON\l/)ENTIONAL / OTHE(D; « FDIR Dh//{l;c}_lan/lssms/lntle\flfaccs ¢  Behavioral Health o Optical Components e Model-Based Certification & e Sensor Systems & Measurement lap scores were selected to create this Areas of
PROPULSION SYSTEMS e Management & Control ’ foxl‘sjiz:onziltle}’r/nAu:(?riiiirgn .ENVT_RI;lr\lnr:le?AT_tK;lSONITORING . LMiCroanC [ Radio Sustainment Methods TeChn‘)lOgies Signiﬁcmt OVCI'laP chart
. R . . o Lasers o Loads and Environments
* gfff:jnléiu/nlc)hr (I)}JSSSIStStems . \,D(,lisrtgc;t},%r;inammlssmn RTAMSYjTlEMS E/N(?'NEER'NGI SAFETY & EMERGENCY ReSPONSE ¢ Cryogenic / Thermal
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Highlighted areas represent highly-rated intersections between TABS and Needs, Competencies/Project Focus, and Commercial/

Partnership Potential.
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